The genome of infectious pancreatic necrosis virus consists of two segments of dsRNA, in equimolar amounts, with molecular weights of 2.5 x 10°a nd 2.3 x 106 daltons, as determined by polyacrylamide gel electrophoresis and autoradiography. The viral RNA was resistant to ribonuclease, and in sucrose gradient it co-sedimented at 1 Us with RNase resistant RNA from virus infected cells. Upon denaturation in 98$ formamide, the viral genome sedimented at 2^S in formamide sucrose gradient and became sensitive to RNase. Denatured 2**S viral RNA did not revert to its undenatured lUS form upon recentrifugation in aquaeous sucrose gradient (0.1 M NaCl), but co-sedimented with the denatured large size class of reovirus 25S RNA. The same results were obtained if the native viral RNA was pre-treated with ribonuclease before denaturation, indicating the absence of exposed single stranded regions in the viral genome. Since infectious pancreatic necrosis virus contains only two dsRNA segments it does not belong to the family Reoviridae and may represent a new group of viruses.
INTRODUCTION
Infectious pancreatic necrosis (IPN) virus is the causal agent of a highly contagious and destructive disease of young hatchery-reared trout ( 1) .
The virus can be grown in tissue culture in a variety of established fish cell lines at an optimal temperature of 22-2l*°C (2) . It replicates in the cytoplasm of the host cell and studies with metabolic inhibitors indicated that the viral genome is RNA (2) . Electron microscopic observations of purified virus revealed structures similar in size and shape to reoviruses but lacking the characteristic double capsid of the latter (3, 1 *).
Considerable controversy exists concerning the nature of the viral genome; whether it is segmented (It) or unsegmented (3), double stranded C O or single stranded RNA (3) . Nicholson (5) , on the basis of cytochemical and autoradiographic studies of infected cells, suggested that the genome of IPN virus is ssRNA. Kelly and Loh (3) , using biochemical and biophysical methods of characterizing the viral RNA, found that its base composition, susceptibility to ribonuclease, and resistance to thermal denaturation indicated a ss RNA structure; one, however, that was soluble in 2M LiCl and shoved a sedimentation behaviour (between 0.1M and 0.001 M NaCl) independent of ionic strength in sucrose gradients. Since these last two attributes are characteristic of double stranded polynucleotides, the authors concluded that the viral genome is single stranded with a high degree of secondary structure of unknown nature. By polyacrylamide gel electrophoresis they showed IPN virus RNA to be a single (non-segmented)
polynucletode with a molecular weight of 3.2 x 10 daltons.
In contrast to these findings, Cohen ejt EQ. {h) reported that IPN virus contains dsRNA, based on the following criteria; base composition, resistance to ribonuclease, sharp melting curve with a Tm of 89°C in hypotonic buffer, low buoyant density in Cs^SOi (p=1.6i5), increased electrophoretic mobility in acrylamide gels after melting and sedimentation behaviour in sucrose gradients which was independent of ionic strength.
Using 2.1*% acrylamide-agarose gels they resolved the viral RHA into three peaks corresponding to double stranded molecules ranging in size from 2.85 x 10 to 2.55 x 10 daltons. Both groups of investigators (U,6) agree that the IPN virion contains three size classes of polypeptides (large, medium and small, with molecular weight ranges of 80-120,000, 65-50,000
and 35-30,000 daltons respectively) although the total number of polypeptides reported by the two groups vas not identical.
The purpose of the investigation reported here was to resolve the controversy concerning the nature and molecular weight of viral RNA in order to define the relationship between the genome segments and the size of virus specific polypeptides.
To determine the number of segments and molecular weight of IPN virus RNA, we employed 5 and 1% acrylamide slab gel electrophoresis with internal markers (reovirus and 06 phage RHA) followed by autoradiography.
When melting the viral RNA we refrained from using high temperatures to avoid thermal scission (7) , and instead, denatured the virus genome in 98? formamide at 50°C or in 90/5 dimethylsulphoxide (DMSO), these methods have been shown to separate dsRHA molecules completely (8, 20) . The melted RMA was analysed in sucrose gradients under both, denaturing and undenaturing conditions.
The results reported here indicate that the genome of IPN virus consists of two segments of (large size class) dsRNA, which place the virus amongst the dsRHA viruses. However, since IPN virus contains only two RNA segments instead of 10-15 pieces found in other animal viruses with dsRNA genomes, it cannot be included in the family Reoviridae (9) and may represent a new virus group.
MATERIALS AND METHODS
Rainbow t r o u t gonad c e l l l i n e , RTG-2 (10) and fathead minnow (FHM) c e l l s (11) were propogated as roonolayers at 22°C in Corning t i s s u e c u l t u r e f l a s k s .
The growth medium consisted of Eagle minimum e s s e n t i a l medium (MEM) with
Earle balanced s a l t s o l u t i o n supplemented with 10% f e t a l c a l f serum and 40 ug/ml Gentamycin.
Virus
The virus used in t h i s study was the reference s t r a i n of IPN, VR299
obtained from the American Type Culture Collection. I t was s e r i a l l y passed a t low input m u l t i p l i c i t y of i n f e c t i o n (M.O.I.)(0.01-0.001 p . f . u . per c e l l ) , or a l t e r n a t e l y , low passage stock virus was prepared t h a t was no more than 2-3 passages away from the reference stock.
Reovirus type 3 was provided by Dr. A. Graham (McGill University, Montreal), and dsRNA e x t r a c t e d from 06 bacteriophage was the generous g i f t
of Dr. A.L. Vidover and J . L . Van Etten of the University of Nebraska.
Preparation of P labelled virus
To label the virus with ( P ) , the growth medium was removed from confluent monolayers and enough phosphate-free MEM was added to cover the c e l l s .
C a r r i e r -f r e e orthophosphate P was then added to give a concentration of 10 pCi/ml. The c e l l s were pre-incubated with ( P) at 22°C for 24 h r s . in order to increase the specific activity of the nucleotide pool. IPN virus was added at an input MOI of 0.1 p.f.u. per cell and the cultures were incubated until advanced cytopathogenic effect (cpe) was observed.
Preparation of H-uridine labelled RNA from infected cells RTG-2 cells were grown in 6 cm plastic tissue culture plates. When the cell layers were confluent, the medium was removed and IPN virus was added at an input MOI of 30-40 p.f.u. per cell. After a one hour adsorption period, the inoculum was removed and the cells were incubated in growth medium for 6 hours. At this time the medium was replaced with serum-free MEM containing 5 uCi/ml of ( H)-uridine (45 Ci/m mole) and incubation continued for an additional 3 hours. The medium was removed, the monolayers washed with Earle's balanced salt solution and digested with proteinase K (1 mg/ml) in proteinase K (PK) buffer (0.01 M Tris, 0.01 M NaCl, 0.01 M EDTA, 0.5% sodium dodecyl sulfate, (SDS) pH 8.0). After bringing the concentration of NaCl to 0.5 M, the RNA was precipitated with ice-cold ethanol and the DNA was spooled out immediately with a glass rod. Since proteinase K co-precipitates with RNA in ethanol (12), i t was removed by phenol extraction (13) . Electrophoresis was carried out at room temperature for 24 hrs. at 50 V.
The electrophoresis buffer was recirculated using a peristaltic pump and an overflow.
After the run, the gels were fixed at room temperature in 0. were the products of New England Nuclear Corp.
RESULTS
Preparation of radiochemically pure P labelled virus
The first objective was to produce highly-labelled purified virus.
Initial attempts to achieve this were hampered by a number of factors characteristic of IPN replication, notably: 1) relatively low virus yield (3-500 p.f.u./cell) even when cells were infected at a very low multiplicity to avoid the formation of defective-interfering particles; 2) most of the progeny virus remained cell-associated and had to be extracted with
Freon which is at best 70-80% efficient (4) The final virus pellet, when resuspended in 1 ml of TNE buffer, had an q OD 260 nra °^ °'^ a n d r e P r e s e n *ed about 1.2 x 10 p.f.u. per ml. It contained 1.2 x 10 cpm of acid precipitable radioactivity.
Isolation of IPN RNA with proteinase K in the presence of SDS
The complete recovery of intact virus nucleic acid, during RNA extraction, is a prerequisite of any subsequent analysis of the virus genome. To extract IPN virus RNA, the purified final virus pellet was dissolved in PK buffer containing 0.5% SDS and 1 mg/ml of proteinase K. Overnight incubation at room temperature completely digested the capsid proteins since no acid precipitable radioactivity could be recovered when H-leucine labelled IPN virus was so treated (data not shown).
Elimination of proteinase K after digestion was achieved by sucrose gradient centrifugation of the RNA which left the enzyme in the top gradient fractions. Analysis of RNA by gradient centrifugation and resistance to ribonuclease Purified P-labelled IPN virus RNA was analyzed in SDS-sucrose gradients using H-labelled reovirus RNA and 28S and 18S I cell rRNA as sedimentation markers. The virus RNA sedimented at 14S, only slightly behind the 15S large size class reovirus RNA (Fig. 2) . As reported by other investigators (3,4), we also found that the ionic strength of the gradient buffer did not influence the sedimentation behaviour of IPN RNA (data not shown). The sedimentation profile of the viral RNA remained unchanged when exposed to 5 ug/ml of ribonuclease for 30 min at 37 C in 2 x SSC buffer prior to gradient sedimentation (Fig. 3) . It was of interest to determine if similar size RNase-resistant RNA could be isolated from infected cells at the time of maximum rate of virus-specific RNA synthesis. According to previous reports, intracellular RNA pulse-labelled with H -uridine between 8-11 hrs. post-infection, was completely digested by ribonuclease (5, 17) . In order to determine the relative amount and size of intracellular 
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The data presented in Table 1 show t h a t maximum rate of RNA synthesis occurs between 6-9 h r s . post infection in virus-infected c e l l s and that t h i s RNA population contains the highest proportion (6-8%) of ribonucleaser e s i s t a n t RNA. Figure 3 indicates that virion RNA and most of the i n t r a c e l l u l a r RNaser e s i s t a n t RNA co-sedimented as 14S RNA in the sucrose gradient. L i t t l e acid insoluble r a d i o a c t i v i t y containing P i s left at the top of the gradient, however, some of the i n t r a c e l l u l a r Tl-uridine labelled ribonuclease r e s i s t a n t RNA is of low molecular weight, thus the 14S RNA represents only 4-5% of the t o t a l acid insoluble r a d i o a c t i v i t y .
Electrophoresis of v i r a l RNA in acrylamide gels
Previous analyses of IPN virus RNA i n polyacrylamide cylindrical gels indicated that the virus genome was single stranded and unsegmented (3), while others found that the virus RNA was made up of 3 segments of dsRNA s l i g h t l y larger than the large size (L) class of reovirus RNA (2.85-2.55 x 10 ) ( 4 ) . In both cases soft (2.4-3%) acrylamide-agarose gels were used and electrophoretic mobility was determined by cross s l i c i n g the gels followed by counting the radioactivity in the s l i c e s (3, 4 ) .
To improve the resolution, we used 5 and 7.5% acrylamide for e l e c t r o - phoresis followed by autoradiography. P-labelled IPN virus RNA was analyzed for different time periods on 5% acrylamide slab gels, together with reovirus RNA and 06 phage RNA (Fig. 4) . All 10 segments of reovirus RNA were clearly resolved under these conditions. When IPN virus RNA was subjected to electrophoresis for only 12 hours, the viral genome was near the top of the gel and no radioactivity was found below these two bands indicating that there are no low molecular weight oligonucleotides associated with IPN virus comparable to the adenine rich low molecular weight RNA found in reovirus. IPN RNA could not be resolved to more than two bands even under conditions where the medium and small class reovirus RNA pieces ran out of the gel at the bottom and the 3 large segments were well separated. When labelled RNA bands were sliced out of the gels and the amount of radioactivity in each band was measured in a liquid scintillation counter, the relative amount of radioactivity in each band was proportional to i t s molecular weight, i . e . band A contained slightly higher amounts of radioactivity than band B. A similar electrophoretic profile was observed when P-labelled IPN virus RNA was analyzed together with reovirus and 06 phage RNA in 7.5% cylindrical gels. The data presented in Figure 5 shows that the Lj segment of reovirus RNA and the 2. segments A and B were found to be 2.5 x 10 and 2.3 x 10 6 daltons respectively. The same results were observed when IPN virus was grown in FHM cell culture instead of RTG-2 cells or when a new IPN virus stock was obtained 32 from the American Type Culture Collection and the P-labelled purified virus was only two passages away from the reference virus stock. Melting of IPN RNA Denaturation of dsRNA results in increased electrophoretic mobility and sedimentation rate with a concommitant loss of resistance to ribonuclease. Single stranded RNA with a high helical content will only demonstrate increased electrophoretic mobility upon denaturation if the nucleotide chain was nicked during preparation at exposed loop regions (19) . Such RNA, however, will sediment more slowly than its native undenatured form (19) . An increase in electrophoretic mobility upon denaturation thus does not indicate unequivocally that the undenatured RNA is double stranded.
On the other hand, an increase in sedimentation rate after melting indicates the transition of the nucleic acid from a "rigid" double stranded structure to a flexible random coil (20) . RNA sedimented more slowly than 18S rRNA (Figure 2 ), after melting i t sedimented just behind the 28S rRNA with a relative sedimentation constant of 2l»S. The denatured IPN virus genome was susceptible to RNase in 2xSSC buffer ( Table 2) . The v i r a l RNA could also be denatured by 90? DMSO according to the method used to melt reovirus dsRNA (20) . When the denaturing agent was Table 2 ) .
In order to detect the presence of exposed single stranded "loop" regions in the virus genome, IPN virus RNA and reovirus RNA were treated with ribonuclease for ten minutes (ixSSC, 1 jig/ml RKase, 37°C); the ribonuclease was removed by phenol extraction, the RNA precipitated with ethanol, denatured with DMSO, re-precipitated and analysed in sucrose gradients. S/en after this treatment denatured IPN virus RNA sedimented at 2US (Figure 7 ) and was sensitive to ribonuclease ( Table 2 ) .
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Fraction Number Figure 7 : The effect of DMSO on reovirus RNA and IPN virus RNA that had been exposed to ribonuclease before denaturation. Isotopically labeled viral RNA was incubated with RNase as described in the text; the ribonuclease was removed by phenol extraction, the RNA vas denatured with DMSO using the method of Bellamy et_ al. (20) 
DISCUSSION
The results presented here demonstrate that the genome of IPN virus consists of two segments of double-stranded RNA. These segments are of the large size class, a designation used to group together the high, medium, and low molecular weight reovirus RNA segments. There is no evidence that IPN virus contains small oligonucleotides comparable to the adenine-rich, low molecular weight ssRNA found in purified reovirus. Loh (3), we have found the viral RNA to be resistant to ribonuclease. The data in Table 2 However, an increase in electrophoretic mobility after melting does not necessarily prove that the RNA is double stranded, for this can also occur if an exposed "loop" region, of a highly hydrogen bonded ssRNA is nicked during preparation. The exposure of such hidden breaks after denaturation of the RNA is well documented (25) . Such nicked ssRNA after denaturation will sediment more slowly than native RNA in sucrose gradients and migrate faster in acrylamide gels (19) . On the other hand, true dsRUA, such as the reovirus genome, will show an increased mobility in acrylamide gels after melting, and it will also sediment faster in sucrose gradient than its native form, indicating a change from a rigid double helix to that of a flexible random coil. At the same time the RNA becomes completely sensitive to ribonuclease regardless of the sodium ion concentration used.
The relative sedimentation rate of IPH virus RNA was measured before and after denaturation. In order to avoid thermal degradation of RNA during denaturation, formamide was used at a relatively low temperature (50°C) to break hydrogen bonds and the RNA was analyzed under conditions that prevented the reformation of any secondary structure. It has been shown by Pinder et al. (8) that dsRNA of P. cyaneofulvum (Tm 100°C) was completely denatured in 98$ formamide at 50°C and reannealing did not occur when the preparation was allowed to cool to room temperature. For this reason we used 98/5 formamide at 50°C to denature IPN virus RNA, followed by sucrose density gradient centrifugation in 70% formamide or by electrophoresis in formamide acrylamide gels. The relative rate of sedimentation of the denatured viral RNA increased to 2l*S compared to its native 1US form.
This was similar to the change in sedimentation behaviour observed with 15S reovirus large size dsRNA which sedimented at 25S RNA after denaturation (20) . The relative electrophoretic mobility of denatured IPN RNA in formamide acrylamide gels also indicated a molecular weight of 1.25 x 10 when compared to TMV RNA, 28S and 18S rRNA and denatured reovirus RNA (unpublished data).
It may be argued that denatured IPN virus RNA sediments at 2l»S only because the denaturing agent (formamide, Fig. 6 ) is present in the gradient and does not allow the melted RNA to return to its original 1US configuration. In order to determine the validity of this argument, IPN virus RNA and reovirus RNA were denatured by DMSO, recovered from the denaturing agent by ethanol precipitation and analysed in ordinary sucrose gradients in which native RNA sedimented at 1 Us. Both IPN virus RNA and the large size class reovirus RNA sedimented (at about 2US) ahead of the 18S rRNA marker.
Furthermore, both of these RNA species were sensitive to ribonuclease ( Table 2 ) .
The same results were obtained if the native viral RNA was pre-treated with ribonuclease before denaturation indicating the absence of exposed single stranded regions in the viral genome ( Fig. 7 K The data presented in this paper as well as some of those reported by others (3, It) indicate that IPN virus RNA is double stranded. The results could apply to a ssRNA structure only if it was a in a completely backfolded hairpin configuration with an exposed single stranded loop in the middle of the polynucleotide chain, which was always "nicked" in one place during extraction. Although it is highly unlikely that this is the case, the possibility cannot be excluded.
On the basis of these results concerning the nature of the virus genome, and on the basis of electron microscopic studies of purified virus previously published (3, h) , IPN virus appears to be related to other reo-like viruses. However, all other animal or plant viruses with dsRNA genomes contain 10-J5 segments in 3 size-classes (9) . Only the virus-like particles in Penicillium stoloniferum contain a single class of dsRNA of two segments, therefore IPN virus cannot be placed in the family reoviridae (26) . Purified IPN virus is made up of three size classes of polypeptides as determined by gel electrophoresis (h, 6) and only the largest of these can be a primary gene product generated by the translation of genome length 2US
mRNA (27) . It is interesting to speculate as to how the medium and small size class polypeptides may arise since they do not seem to be produced by 
